Introduction

1
The Russian wheat aphid (RWA), Diuraphis noxia (Mordvilko) (Homoptera: 2 Aphididae), is a major phloem-feeding pest. It mainly damages wheat, Triticum 3 aestivum L., and barley, Hordeum vulgare L. throughout the major small grain 4 production areas of the world except for Australia (Stoetzel, 1987) . Until 1935 this 5 aphid was found only in the Ukraine, central Asia and western Asia. In the 1940s, its 6 range expanded to include Europe, in 1950-60s Africa, in the 1980s North and South 7 America (Zhang et al., 1999) . The first detection of this aphid in the United States was 8 near Muleshoe, Texas, in 1986 (Peairs, 1987 . Since then the RWA has spread across 9 17 states, following a northerly and westerly direction, largely lacking eastward 10 movement. Initial phylogeographic analysis using random amplified polymorphic 11 DNA and allozyme markers demonstrated that RWA populations in the USA, Canada, 12 and Mexico were most closely related to those of South Africa, France, and Turkey 13 (Puterka et al., 1993) . More recent phylogeographic analyses of several global 14 populations using amplified restriction fragment polymorphism markers demonstrate 15 two major global clades: one from the Middle East-Africa and one from Europe (Liu 16 et al., 2010) . 17 RWA biotypes have been designated based on the damage resulting from aphid 18 feeding on wheat cultivars containing resistance genes Dn1 to Dn9. Using this system, RWA1 and RWA2 were found, and RWA2 was the predominant biotype (Puterka et 1 al., 2007) . RWA1 is virulent only to wheat carrying resistance genes Dn1, Dn8 and 2 Dn9. RWA2 is virulent to wheat containing any of the Dn genes other than Dn7 3 (Haley et al., 2004; Puterka et al., 2007; Qureshi et al., 2005) . Liu et al. (2010) 4 demonstrated that RWA1 and RWA2 are contained in the Middle East-African clade, 5 and RWA3, RWA4, and RWA5 are part of the European clade. RWA biotypes also 6 occur in Africa, Asia, Europe, and South America (Basky, 2003; Dolatti et al., 2005; 7 Malinga et al., 2007; Smith et al., 2004; Tolmay et al., 2007) . 8 Saliva, injected into plant tissue, is the point of contact between aphid and plant. 9 Proteins and enzymes in saliva are believed to play several roles in allowing 10 continued feeding by an aphid on the phloem (Miles, 1999; Tjallingii, 2006) . In broad 11 terms, some, and possibly all, of the proteins of aphid saliva can be thought of as 12 "effectors," a term introduced to designate proteins secreted by plant pathogens for 13 the purpose of establishing "colonization" of the plant by the pathogen (Hogenhout et 14 al., 2009) . Indeed this suggestion has been made specifically in the case of the RWA 15 (Boyko et al., 2006; Lapitan et al., 2007; Cooper et al., 2010) , and RWA secretes 16 protein effectors that differ among biotypes (Van Zyl, 2007) . However, for the most 17 part, we know little about the functions of individual components of aphid saliva.
18
Recent descriptive and functional studies on aphid salivary gland genes and proteins 19 support effector functions for many aphid salivary proteins (Carolan et al., 2009 (Carolan et al., , 2011 20 Bos et al., 2010) . Results from the pea aphid also suggest that genes transcribed in 21 salivary glands are evolving faster than their orthologs in other insects (Carolan et al., In this study, we looked for polymorphism in several RWA salivary-gland 10 transcripts that were orthologs of pea aphid salivary-gland transcripts. Our results
11
pointed to considerable polymorphism, both within RWA biotypes 1 and 2 and 12 between these biotypes. We interpreted the variants as allelic variation, and the 13 differences that we observed readily allowed distinction between RWA1 and RWA2 14 at the molecular genetic level. to evaluate the internal support of the tree topology.
5
Results
6
Sequence analysis of the cloned transcripts 7 We amplified and cloned regions of 17 transcripts from RWA biotypes 1 and 2. These regions were interpreted to be RWA orthologs of 17 pea-aphid transcripts 9 obtained as ESTs from salivary-gland cDNA libraries, having sequence identity at the 10 nucleotide level as high as 95% between the RWA and pea aphid sequences (Table 2 ).
11
We worked with genes that encoded proteins with a secretory signal peptide in the proteomics studies (Carolan et al., 2009 (Carolan et al., , 2011 Harmel et al., 2008 (Table 3) . For the other 13 transcripts, we observed 2 polymorphism both within and between the biotypes, at the nucleotide level and the 3 predicted amino sequences (Table 3) To illustrate the nature of the observed polymorphisms, we presented our findings 10 on three transcripts here. All other sequences were shown in Supplemental Material.
The C002 transcript ( Figure 1 ) encoded a protein required in the pea aphid for feeding 12 on a host plant (Mutti et al., 2006 (Mutti et al., , 2008 . For this transcript, 9 variants at the amino Figure S12 , Figure S13 ). Occurrence of a new Russian wheat aphid biotype. Crop Science, 44, 1589 Science, 44, -1592 Harmel, N., Létocart, E., Cherqui, A., Giordanengo, P., Mazzucchelli, G., salivary transcript leading to lethality in the pea aphid, Acyrthosiphon pisum.
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